Abstract: Many people tend to prefer natural foods and supplements nowadays. Considering this tendency, this study assessed the most significant in quality and purity parameters tocopherol and fatty acid compositions of cold-pressed oils, namely black cumin, sesame, sunflower, poppy, pomegranate, nettle, pumpkin, grape, safflower, flax, canola seed, wheat germ, peanut, hazelnut, and walnut. This study deals with the sample preparation and validation of tocopherols using an HPLC-FLD method for simultaneous determination of α-β-γ-, and δ-tocopherols, and analysis of fatty acid methyl esters (FAME) with using GC-FID. The validated HPLC method was applied for the tocopherols' analysis and measurement uncertainty was calculated for tocopherols and some fatty acids. The obtained data were evaluated by using principal component analysis to show the relationship between quality parameters and seed oils. Wheat germ, hazelnut, safflower, and sunflower oils have the highest tocopherol contents respectively with a predominance of α-tocopherol. Seed oils' fatty acid compositions were classified according to proportions of oleic, linoleic, and other fatty acids. This study shows that the evaluated seeds are valuable sources of natural antioxidants and some specific and polyunsaturated fatty acids. The applied method can also be helpful for the industry to obtain quality analysis approach.
INTRODUCTION
Cold-pressed seed oils have health-beneficial factors and significant chemical properties and some consumers tend to prefer natural, nutritional, and safe food supplements for preventing illnesses, maintaining internal and external wellness. There are some different extraction techniques to obtain oil from oily fruits and seeds, these being organic solvent extraction, screw-press or hydraulic press, the cold-press technique does not require an external heat either organic solvent (1) (2) (3) (4) . The oil was purified by settling, filtering, and centrifuging only (5) . Cold-pressing is simple, ecologically friendly, and needs less energy for the process. If the cold-press method is compared with the other extraction methods, especially with supercritical carbon dioxide (CO2) extraction, with regards to the investment's cost of the equipment and the cost of the last product, the cold press method is found less expensive and needs less labor than other extraction techniques (6, 7) .
Therefore, high-quality oils can be obtained by cold-pressing technique with lower costs and this method can be used for commercial production. Amounts of oil were shown to have final volume differences according to extraction techniques. The oil yield of the coldpressing technique is lower than hot-pressing, solvent, and supercritical carbon dioxide (CO2) extraction (8) . In recent years, interest and demand of consumers to use coldpressed oil have increased because cold-pressed oils are natural, nutritional, and safe food products (9, 10) . Cold-pressed seed oils have great dietary value, specific sensory properties, health-beneficial factors and significant chemical properties because neither heat treatment nor any organic solvent were used to obtain oil from the raw material (3, 10) . Thus, natural antioxidants and beneficial phytochemicals such as tocopherols, fatty acids, sterols and antioxidant phenolic compounds are protected at higher levels in cold pressed oils (11) (12) (13) (14) .
The quality and processing of seed oils are the main determinants of fatty acid composition and tocopherol content that support the reduced risk of coronary heart disease, geriatric diseases, anti-inflammatory and anti-proliferative effects on the types of cancer (15) (16) (17) .
Tocopherols are important lipo-soluble antioxidants for the protection of human health because they preserve the oil against to lipid oxidation and they are effective against to the activities causing oxidative stress (18) (19) (20) . When a natural tocopherol is compared to synthetic ones, especially α-tocopherol is superior for radical chain-breaking. It is a lipidsoluble antioxidant and increase the resistance of LDL to oxidation. α-tocopherol, γ-tocopherol has specific biologic activity that potentially protects against to the chronic diseases, such as inflammation (21) .
The seed oils have rich mono-unsaturated and poly-unsaturated fatty acids (PUFA) (22) .
The human body can produce all fatty acids except linoleic acid and α-linolenic acid which are the simplest members of family of PUFA. PUFA regulate biological functions which range from blood pressure and blood clotting to the correct development and functioning of the brain and nervous system and it also has important role in the composition of all cellular membranes (23) (24) (25) . Oleic acid, a mono-unsaturated fatty acid, has shown activity in cancer prevention, compared to polyunsaturated fatty acids, making it much less susceptible to oxidation and contributing to the antioxidant action, high stability, and long shelf life because oleic acid has a role in preventing oxidative stress (26, 27) . It is thought that the reason for the chronic diseases being seen less in societies fed with Mediterranean diets having high oleic acid amount (28) .
Because of the above-described and recognized importance of the fatty acid and tocopherol compositions, the main idea of this study is to determine fifteen cold-pressed oils' tocopherol and fatty acid compositions. These were black cumin seed, wheat germ, sesame seed, sunflower seed, poppy seed, pomegranate seed, nettle seed, peanut, pumpkin seed, walnut, hazelnut, grape seed, safflower seed, flax seed, and canola seed oils. For this purpose, the reliable, sensitive, and practical sample preparation methods for tocopherols were developed and validated for designation of the quality of these different cold-pressed oils produced in Turkey. In addition, fatty acid methyl esters (FAME) of cold-pressed seed oils were analyzed. Hence, the results from the present study can be taken and used to classify the quality and purity of cold-pressed oils in the market and also the seed oils which are used as natural supplements. Principal component analysis was applied to find out markers for each seed oil and classified according to composition of the oil.
MATERIAL AND METHOD

Seed Oil Samples
Seed samples were obtained from different geographical regions of Turkey where seed production of particular types are concentrated. Table 1 lists and shows the regions where the seeds were collected in Turkey. ZADE cold-pressed oils were produced at cold-pressing plants of the Zade Vital Pharmaceuticals, Inc.
During the cold-press process, the temperature was kept below 40 °C. Neither solvent nor heating process was used to protect physicochemical properties of the oil. The cold-press machine was used by 3-4 kg seed/h capacity depending on the seeds' differences. Settling out the sediments has been done by storing the cold-pressed oil in stainless steel intermediate tanks for one day. The next day, filtration of oil was completed by using 1 µm pores filtration paper. In the last step, the cold pressed oils were filled into 200 mL amber glass bottles and kept at 25 °C and at 60 % relative humidity until the analysis was conducted. 
Reagents
All the reagents were purchased from J.T. Baker, LabScan, and Sigma-Aldrich and they were either chromatographic or analytical grade. Millipore ultrapure water (Type I) was used for all analyses. FAME mix (including 37 fatty acids) (Supelco) was used as a standard for determination of retention time of fatty acids. Tocopherol Set (Merck) was used for calibration and validation as a standard which is including four-vial pack containing α, β, γ, and δ-tocopherols.
Chromatographic conditions
Chromatographic analyses were carried out on an Agilent HPLC-FLD system using silica columns (5 μm particle size, L × I.D. 25 cm × 4.6 mm, LiChrosorb SI 60) for separation and quantification. 290 nm and 330 nm were selected as excitation and emission wavelengths, respectively. n-Hexane:2-propanol (99.5:0.5) mixture was used as the mobile phase for tocopherol isomers at a flow rate of 0.8 mL/min. Sample preparation for tocopherol analysis was done according to a modified method of the American Oil Chemists' Society (AOCS) Lipid Library (29) . The cold saponification method was used in the standard method for sample preparation. This method of sample preparation is both long and costly.
In this study, oils were prepared with a more practical and inexpensive method. In the assay, 0.5 g of seed oils were dissolved in 10 mL of hexane then vortexed. 20 µL of the homogeneous solution was injected into the HPLC system at 25 °C. 
Preparation of standard and calibration solutions
Stock solutions (1000 μg/mL) of the tocopherols were prepared in n-hexane. The working standard solutions were diluted with n-hexane from the stock solutions. Concentration ranges of calibration solutions were 1.25-200.00 μg/mL for all tocopherols. Triplicate injections (20 μL) were made for each concentration of tocopherols. The peak areas, the excitation at 290 nm and the emission at 330 nm wavelengths were plotted against to the corresponding concentrations to make the calibration graphs, and the linear regression equations were calculated.
The samples were prepared by weighing approximately 0.500 g (± 0,001 g) of seed oil into a 10 mL volumetric flask, adding 8 mL of n-hexane followed by 5 minutes of sonication in ultrasonic bath and then made up to volume to 10 mL with n-hexane and then sonication was repeated for 5 minutes for tocopherol analyses. The procedure of sample preparation was very practical thus time spent on sample preparation was reduced compared with coldsaponification methods at the AOSC Official Methods (31).
Principal Component Analysis (PCA)
Principal Component Analysis was executed to show the relationship and differences between seed oils. The multivariate analyses were performed using the MINITAB 15
Statistical Software. The data for all tocopherols and fatty acids were performed using by the PCA (the Ward algorithmic method chemometric methods). The results of PCA were visualized by scores and loading plots. The score plots were made by contact between principal groupings and observations. The loading plots were pointed out the importance of each variable for the analyses, loading plots and were used to explain the relationship between variables.
RESULTS AND DISCUSSION
HPLC method coupled with fluorescence detection was developed to make it an available, suitable, and practical procedure for the quality control analysis of tocopherols. The proposed HPLC-FLD method was validated according to the ICH guidelines in terms of some validation parameters (32) . The GC-FID standard method was used according to IOC for determination of FAME (30) .
Optimization of Chromatographic Conditions
The mobile phases were optimized within different solvents according to resolution of isomers, peak symmetry, tailing factor, and theoretical plate number. The best separation between the four isomers of tocopherols had been with the use of a LICHROSORB SI 60
column. The best chromatogram was obtained with an isocratic elution of the mobile phase system consisting of n-hexane:2-propanol (99.5:0.5) (v:v) mobile phase. The excitation and emission wavelengths were selected according to literatures (29) (30) (31) . The quantification was achieved using a fluorescence detector based on peak area measurement.
Validation of Proposed Methods
A validation study was carried out for all isomers of tocopherols. The linearity of the HPLC-FLD method was assessed by analyzing a series of eight different concentrations for each tocopherol. Table 2 presents the linearity and sensitivity data and statistical parameters for the method including parameters of linear regression equations, coefficients, concentration ranges, standard deviations (SD) and relative standard deviation (RSD %) of the intercept and the slope. The coefficient values (R 2 ≥ 0.9997) were shown that regression analysis has had a good linearity and RSD% of the slope, and intercept values which were found less than 0.10 % and 2.00%, respectively.
The limits of detection (LOD) and limits of quantification (LOQ) were calculated based on signal-to-noise ratio values in according to the ICH guidelines. The given data in Table 2 has shown that the method is sensitive enough to detect concentrations for the analyzed compounds. The injection repeatability and extraction reproducibility for the proposed method were studied at 12.5 µg/mL and 0.100 µg/mL concentration level for each compound using six replicate determinations through the same day. The repeatability was calculated for retention times of analytes, too. The values of injection repeatability of areas and retention times and values of extraction reproducibility of analytes were shown in Table 3 . Table 3 : Injection repeatability of areas and retention times and values of extraction reproducibility of analytes for proposed HPLC-FLD methods. The accuracy parameters of methods were studied at three concentration levels for each compound with three replicate injections. The recovered concentrations were calculated using the calibration equations and recoveries of isomers showed that the method was acceptable for determination of the tocopherols in the seed oils (Table 4) . The specificity is defined as the ability to contact clearly with the analyte in the presence of components that may be expected to be present, such as degradation products and matrix components (ICH, 2016). Table 5 shows resolution (RS), tailing factor (T), and theoretical plate number (N) values of all tocopherols. Table 5 : Resolution, tailing factor, and theoretical plate number of tocopherols. Tocopherol isomers have shown good RS that means the tocopherol peaks were separated from other isomers. Good peaks were obtained from the proposed method for quantification of tocopherols according to T and N values.
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Measurement Uncertainty for two methods
The standard GC method was applied according to IOC for fatty acid methyl esters. In this study, uncertainty of measurement (u) was calculated for both HPLC and the GC method.
The same sample was prepared according to sample preparation procedure for each analysis and then injected to the GC and HPLC systems. The samples were analyzed for two replicate determinations of each compound, that is to say, two samples each day for ten consecutive days with measurement every day. The results were given as mean ± u for some selected fatty acid methyl esters and all tocopherol isomers in Table 6 .
Uncertainty of measurement was necessary for the reliability of the results and routine analysis laboratories.
Application of the developed method
The optimized methods were applied to fifteen cold pressed seed oils. The representative chromatograms were obtained from the assayed seed oils were illustrated in Figures 1 and   2 . Hazelnut chromatogram were selected as an example. Since all tocopherols were present, the hazelnut oil chromatogram was chosen as the sample chromatogram. It can be concluded that the acceptable analytical performance of the proposed method supports its appropriateness for the routine analysis to determine tocopherols in seed oils for quality controls. Table 7 shows tocopherol content of fifteen cold-pressed seed oils. The wheat germ oil was found to be with the highest -tocopherol amount among the other cold-pressed oils. Wheat germ oil itself has the highest tocopherol content of all vegetable oils up to about 2,500 mg/kg and also the highest content of α-tocopherol (33, 34) . These effects are attributed to the high concentration of bioactive compounds present in the germ.
In this study, the highest α-tocopherol level was found in the wheat germ oil as 1218 mg/kg. The hazelnut oil had the next highest level among the other seed oils and it could be considered compatible with other previous studies (35, 36) . The safflower and sunflower oils were also found with a high content of α-tocopherol among other fifteen different types of cold-pressed oil. In another study, three types of tocopherols were found in safflower oil in various amounts; α-tocopherol, β-tocopherol, and γ-tocopherol ranging from 46.05 to 70.93 mg/100 g, 0.85 to 2.16 mg/100 g and trace amount to 0.45 mg/100 g of oils,
respectively (37) . For the sunflower seeds, Świgło et al. (2007) found similar results by the highest level of α-tocopherol among other tocopherols (38) . The differences between the amounts could be considered to be from the raw materials 'countries of origin, different cultivars, geographical and growing conditions. The pomegranate seed oils have the highest amount gamma tocopherols and delta tocopherols. All seed oils have alpha and gamma tocopherols which have shown that seeds' oils could be used for human health protection (39) .
The seed oils were classified into three groups according to their fatty acid compositions with a high oleic acid, linoleic acid and others which differ in terms of other fatty acids. In the study, as shown in the Supplementary Material (SM1a), oleic acid contents of hazelnut oil, canola oil, peanut oil, sesame seed oil, and pumpkin seed oil were found with the (42, 37, 12) .
Among the other fatty acid compositions, linolenic acid content were found very high for flax seed oil (54,77%) and walnut oil (11,33%) as expected from other studies (43, 12, 44) . Besides, pomegranate seed oil distinctly has punicic acid at the rate of 80,92%.
Considering the other studies showing a range 55.8 to 86.6%, our results might be considered within a high level (45) (46) (47) . The wheat germ was shown to have differences with a palmitic acid ratio by 16,60% as it could be seen in SM1c, agreeing with the other studies (48, 49) .
Principal Component Analysis (PCA)
As stated above, 15 different seed oil samples were analyzed to determine their tocopherol contents and fatty acid methyl esters. Thus, classification of the samples according to some selected parameters was performed with PCA. The punicic acid was not evaluated because only pomegranate seed oil has this fatty acid. Figure 3 , the score plots of all data of tocopherols and fatty acid methyl esters were indicated in the one main group according to PC1 and PC2. The pomegranate seed, canola, wheat germ, peanut oils were separated from all other seed oils.
When the PCA was accomplished, the results of the modelling power analysis was showed that tocopherols and minor fatty acids were the most effective variables to discriminate the seed oils from the others, as seen in the loading plot in Figure 4 . 
CONCLUSION
To the best of our knowledge, this is the first report that describes the quantitative determination of fatty acid methyl esters and tocopherols in fifteen cold-pressed oils. The major parameters of cold-pressed seed oils were shown by using principal component analysis.
This study proposes a quick and more practical methodology regarding conventional applications, especially for tocopherol analysis, for raw materials evaluation, and the acceptance step to determine, where time matters, the appropriate raw material for the intended usage. This is also applicable during routine analysis, quality control, and stability studies of the last products like soft gelatin capsules containing cold-pressed oils.
Additionally, the methodology will help with the classification of the quality of cold-pressed oils in the market. The proper utilization of the methodology to analyze and control quality can determine to which the most appropriate applications different oils should be used.
For further research projects and the manufacturing process for industry, these results were shown that fifteen different oils from Turkey's different regions might be preferred as a natural source of antioxidants and essential fatty acids like omega 3, 6, 9, and some specific fatty acids components like punicic acid. All the above-mentioned seeds from the region can be interesting and useful either for applications of food, pharmaceutical, cosmetic, or chemical industries. The cold-pressed oils from the area can be considered as a valuable source for natural antioxidants, poly-unsaturated fatty acids and some specific fatty acids. Also, the applied and validated method can help the industry for a more practical approach for quality analysis. 
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